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Abstract
Background Recent studies have described unique clinical and radiographic characteristics of femoral stress fractures or low-energy fractures associated with long-term bisphosphonate therapy. However, it is unclear whether these fractures require subsequent surgery after the initial treatment. Questions/purposes We performed a cohort analysis of bisphosphonate-associated femoral stress fractures to (1) confirm the unique clinical and radiographic findings compared with existing literature, (2) determine whether any patients with completed fractures had no preexisting transverse stress fracture lines, (3) assess the need for additional surgical procedures, and (4) determine whether the hospital length of stay (LOS) differed for patients with prophylactic fixation of stress fractures versus fixation of completed fractures. Methods We retrospectively reviewed 16 patients with 24 diaphyseal and subtrochanteric femoral stress fractures (14) or low-energy fractures (10) who had been on bisphosphonates for 3 to 10 years. Data included demographics, symptoms, medication history, radiographic characteristics, treatment parameters, LOS, and outcome. Minimum followup was 9 months (average, 44.0 months; median, 31 months; range, 9-112 months) . Results All patients had clinical and radiographic findings similar to those reported in the literature. Two of four patients sustained completed fractures after radiographs failed to reveal transverse lateral fracture lines. None of the 14 prophylactically treated impending fractures progressed or required additional surgery; however, in five of 10 femurs treated after fracture completion, six additional surgeries were performed. The average hospital LOS was shorter in patients who underwent prophylactic fixation (3.8 days) than in patients treated for completed fractures (5.6 days). Conclusions Bisphosphonate-associated stress fractures and completed fractures are unique, possessing subtle characteristic radiographic features. Completed fractures may occur through the thickened bone in the absence of an appreciable transverse stress fracture line. Our observations suggest prophylactic reconstruction nail fixation may avoid fracture completion and may be associated with a shorter hospital LOS and less morbidity than treatment of completed fractures. Level of Evidence Level IV, diagnostic study. See the Guidelines for Authors for a complete description of levels of evidence.
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Introduction
Osteoporosis, defined as bone mineral density (BMD) of more than 2.5 SDs less than that of healthy young adults, is a major health problem in the United States [4] and commonly leads to fragility fractures of the vertebrae, wrist, and hip [15] . In addition to exercise, calcium, and vitamin D, bisphosphonates are commonly used to combat postmenopausal osteoporosis [1, 3, 14] . More than 150 million prescriptions for oral alendronate, risedronate, and ibandronate were dispensed in the outpatient setting for the period 2005 to 2009 in the United States alone [19] . Bisphosphonates reportedly increase BMD [6, 7, 11] . In the Fracture Intervention Trial, long-term bisphosphonate therapy decreased the risk of vertebral and femoral neck fractures in postmenopausal patients with severe osteoporosis [3, 6] .
Since 2005, several reports have described patients on long-term bisphosphonate therapy who developed unusual stress fractures and/or low-energy fractures in the subtrochanteric and diaphyseal regions of the femur [2, 4, 5, [9] [10] [11] 17] . The femoral shaft is usually an uncommon site for osteoporotic fractures [5, 13] . Virtually all reported patients had been on bisphosphonate therapy for at least 3 years [2, 4, 5, [9] [10] [11] , raising concerns regarding prolonged bisphosphonate therapy. The clinical and radiographic findings in these bisphosphonate-associated stress fractures are provided ( Table 1) . A frequently reported prodromal symptom is pain in the affected limb [9, 10] . We encountered several patients with stress fractures who were symptomatic for various lengths of time but were undiagnosed or misdiagnosed until a complete femoral fracture occurred. Our clinical experience indicated the radiographic prefracture findings in many cases were quite subtle, often consisting of an innocuousappearing lateral cortical thickening as described by Sayed-Noor and Sjödén [16] . Koh et al. [9] reported completed fractures occurred only in those patients who had developed complete transverse stress fracture lines in the lateral cortex. This ''dreaded black line'' of an impending femoral stress fracture is similar to that described in the proximal anterior tibia of athletes with stress fractures from overuse [9] . The cortical thickening may obscure the hairline transverse lateral cortical stress fracture lines on plain film. The subtle nature of the radiographic findings of these stress fractures, especially those without an observable stress fracture line, led several of our colleagues and the senior author (WGW) to initially overlook their importance until progression into a completed fracture was observed, an observation contrary to the report of Koh et al. [9] , who reported virtually no fracture completions without the prior existence of a transverse fracture line.
Our study purposes were to (1) confirm the clinical and radiographic features of long-term bisphosphonate treatment-associated stress fractures as compared with existing literature, (2) determine whether any patients with completed fractures had no preexisting transverse stress fracture lines, (3) determine the frequency of additional surgical procedures, and (4) determine whether the hospital length of stay (LOS) for prophylactic fixation of stress fractures differed from that for fixation of completed fractures. Of the 16 patients studied, there were 15 women and one man (mean age, 69.1 years; median, 67.5 years; range, 51-90 years). The patients had been treated a mean of 6.3 years (median, 6 years; range, 3-10 years) with any bisphosphonate. With the exception of one man on longterm bisphosphonate therapy for an underlying myeloma, the other 15 patients were all older women on bisphosphonate treatment for osteoporosis ( Table 1 ). Three of the 16 patients sustained complete femoral fractures before any physician visits occurred and therefore before any radiographic studies were obtained. Four patients sustained five completed femur fractures after consulting physicians but before any prophylactic surgeries were performed. No patients were lost to followup, although two died after 67 and 84 months of followup, respectively. Two patients with less than 1-year followup had all been treated since June 2010. Six patients who had not had recent followup ([ 1 year) because they were doing well at last visit were contacted by telephone as part of their medical followup care and all six denied pain or functional limitations. All living patients have followup within 12 months of the date of manuscript revision. Minimum followup of the 16 patients was 9 months (average, 44.0 months; median, 31 months; range, 9-112 months) . No patients were recalled specifically for this study; all data were obtained from medical records and radiographs.
Routine followup consisted of postoperative visits with radiographs at 2 to 3 weeks, every 2 to 3 months until the lesion or fracture was healed, and annually thereafter until discharge due to a clinical determination of a healed status. We used medical records to collect demographic data, nature and duration of symptoms, previous diagnoses rendered by prior physicians, medication history including dosage and duration of bisphosphonates, treatment methods, followup status, complications, and results of treatment.
The senior author reviewed all patients' radiographic images to identify features associated with the fractures and stress fractures, including the presence of lateral cortical thickening, any stress fracture lines, any fractures and their bony orientation, and any associated features on radiographic studies, such as stress fracture lines, periosteal and endosteal changes, edema, bone scan activity, or any other notable findings.
We compared the LOS data for the two groups (prophylactically treated versus completed fracture treated) using a nonparametric rank sum test.
Results
The clinical (Table 2 ) and radiographic (Table 3) findings of the 16 patients with 24 impending or completed stress fractures of the femur are shown. Of the eight patients with bilateral involvement, two fractured both sides, two had bilateral impending fractures, and four had completed fractures on one side and impending fractures on the other side. The male patient received a left prophylactic intramedullary (IM) reconstruction (recon) nail in 1991 for an impending fracture from myeloma and has had no further problems in that femur for 19 years. After 10 years of monthly intravenous bisphosphonates, he developed a painful contralateral subtrochanteric stress fracture that has subsequently remained pain-free after prophylactic fixation. Prodromal hip and/or thigh pain occurred in all 16 patients. Eleven patients were initially misdiagnosed as having trochanteric bursitis, unidentified femoral lesions, or spineassociated radicular pain. Six patients with seven bisphosphonate-associated stress fractures developed completely displaced fractures while under a physician's care.
Of the 15 other femoral stress fractures identified in the review of the 400 fractures surgically treated by the senior author, six were stress fractures of the femoral neck (only one was on bisphosphonates) and nine were stress fractures involving the medial femoral diaphyseal cortex (two were on bisphosphonates and one was on calcitonin).
Of the four patients with completed bisphosphonateassociated stress fractures who had preoperative radiographs, only two patient's radiographic studies revealed a complete transverse horizontal stress fracture line. These lines, when present, were subtle.
Of the 14 femurs with bisphosphonate-associated stress fractures treated with prophylactic IM recon nail fixation, none had subsequently developed a completed fracture nor required any additional surgery at the time of last followup. None required ambulatory aids. None had pain except one patient with progressive collapsing lumbar scoliosis who has bilateral leg pain of unclear etiology and one fully active patient with a persistent lateral cortical stress fracture line who had intermittent nonlimiting discomfort 80 months after prophylactic fixation. Of 10 fractured femurs in eight patients with bisphosphonate-associated stress fractures, three fractures united uneventfully (see Appendix 1; supplemental materials are available with the online version of CORR). Three of these femoral reconstructions underwent distal interlocking screw removal at 3, 6, and 7 months, respectively, two of which united. The third patient had a fractured nail at 10 months, requiring a revision reamed IM recon nail insertion that culminated in fracture healing. One patient (Patient 16) had nonunion failures of bilateral fractures previously treated elsewhere with interlocked IM nails; both were revised to reamed IM recon nails (at 15 and 18 months, respectively) and both united over the next 6 months. Two completed fractures in one patient manifested incomplete bridging union across both fracture sites at the last radiographic followup of 16 and 29 months, respectively, thereby remaining at risk of subsequent fixation failure.
The average hospital LOS was shorter (p = 0.0467) in patients who underwent prophylactic fixation (3.8 days; SD, 1.6 days; range, 2-6 days) than in patients treated for completed fractures (5.6 days; SD, 1.6 days; range, 3-8 days). 
Discussion
Bisphosphonates are widely utilized to treat osteoporosis [1, 3, 4, 14, 19] . Alendronate is the most commonly prescribed bisphosphonate and the one most commonly implicated in reports of bisphosphonate-associated femoral stress fractures [5, 8, 17] . Our main objectives were to (1) confirm the clinical and radiographic characteristics of long-term bisphosphonate treatment-associated stress fractures compared to the literature, (2) determine whether any patients with completed fractures had no preexisting transverse stress fracture lines, (3) determine the need for additional surgery, and (4) determine whether the associated hospital LOS differed in patients who had prophylactic internal fixation compared to those who had fixation of completed fractures. Our retrospective study has limitations. First, the incidence of these fractures cannot be determined from our data. Other completed stress fractures may have masqueraded as traumatic fractures and been unrecognized. Second, we lacked information on the patient's bone metabolic parameters. Such information might allow one to determine patients at risk. Third, as with prior reports, we are unable to define specific characteristics other than prolonged continuous bisphosphonate usage that placed this minority of bisphosphonate-treated patients at higher risk for this complication; thus, this complication must be considered when treating any patient on long-term bisphosphonates. Fourth, this small retrospective study may have inherent biases such as the lack of a larger control group with stress fractures not associated with bisphosphonate usage. Fifth, many factors affect hospital LOS, and a much larger group with more complete data would be required to confirm the differences in complications and LOS for treating completed versus impending stress fractures. Similar to prior series, our patient population consisted of predominantly osteoporotic older women on bisphosphonates for at least 3 years [4, 5, [8] [9] [10] [11] [16] [17] [18] . The bilaterality in more than 1 .
2 of the osteoporotic women is in keeping with prior reports [12] , as is the presence of prodromal pain in all of our patients. The identification of bisphosphonate usage in only three of the senior author's 15 other patients with femoral stress fractures supports the concept that these lateral femoral cortex-initiated bisphosphonate-associated stress fractures are unique. All of our patients had clinical (Table 2 ) and radiographic (Table 3) findings similar to those of prior reports (Table 1) . Shane et al. [18] described radiographic and clinical characteristics that included fractures with minimal to atraumatic activity, transverse lateral fracture line configuration, localized periosteal reaction, increased lateral cortical thickness, delayed healing, bilaterality, and prodromal symptoms. Bone scans and MR images were 100% sensitive in our patients.
Of four patients with completed fractures who had preoperative plain radiographs, only two had transverse black lines, contrary to the reports of Koh et al. [9] and Shane et al. [18] . This finding confirms completed fractures can occur in the absence of the dreaded black line.
None of the 14 impending stress fractures we treated prophylactically subsequently fractured or required additional surgery, confirming prophylactic fixation of painful impending stress fractures may obviate the need for further surgical intervention. Banffy et al. [2] reported on 12 stress fractures, six treated nonoperatively and six treated prophylactically. They found five of six patients treated nonoperatively failed and progressed to fracture completion in an average time of 10 months (range, 3-18 months). All six patients treated prophylactically had no complications postoperatively [2] . Shane et al. [18] recommend prophylactic nail fixation for incomplete fractures accompanied by pain, particularly since patients may progress to a completed fracture. If the pain is minimal or absent, a trial of nonoperative treatment with limited weightbearing with the assistance of a medical device may be considered [18] . Incidentally, the absence of stress fracture development in the man with 10 years of bisphosphonate administration on the side with a preexisting IM recon nail, in the presence of a stress fracture reaction in the unprotected side, is anecdotal evidence of the potential benefit of prophylactic internal fixation.
In a study by Banffy et al. [2] comparing patients treated prophylactically and those treated after fracture completion, four of their 33 patients with completed fractures had postoperative complications, including nonunion, delayed union, and painful hardware. Two patients required symptomatic hardware removal. No prophylactically treated patients experienced complications [2] . None of our 14 prophylactically treated femurs required subsequent surgery and all but one (the patient with lumbar scoliosis) have been satisfied with their pain relief. Conversely, of the eight patients with 10 completed fractures, four patients have required six additional surgeries in five femurs, including screw removal for dynamization (three) and complete revision for a fractured nail (one) or nonunion (two). The observed fracture unions in a fifth patient (who had bilateral fractures) are incomplete and she remains at risk for future failure. The shorter hospital LOS for the prophylactically treated stress fractures compared to fixation of completed fractures we found in this study mirrors what the senior author showed in a prior study of impending versus completed pathologic femur fractures due to metastatic disease. In that study, prophylactic fixation compared to repair after fracture completion was also associated with a shorter hospital LOS (7 versus 11 days) [20] . Banffy et al. [2] also found the average LOS was shorter for patients treated prophylactically (3.8 days) than for patients after fracture completion (5.6 days). We believe it is preferable to prevent a fracture rather than to treat one.
Based on our limited data, we can make no firm recommendations regarding the recommended duration of bisphosphonate therapy. Shane et al. [18] stated the optimal duration of bisphosphonate therapy is unknown. Black et al. [3] found patients who discontinued alendronate after 5 years did not increase their true fracture risk over the subsequent 5 years. An individual patient's fracture risk should be considered before discontinuing bisphosphonate medication [18] . Calcium and vitamin D should usually be administered for the treatment of osteoporosis; other osteoporotic medications such as teriparatide may need to be considered [18] .
For the majority of patients on bisphosphonates, this type of femoral stress fracture and low-energy fracture is unlikely to occur. However, orthopaedic surgeons and other physicians should be aware of this complication, as they are likely to encounter such patients due to the millions of patients on bisphosphonate medications. The subtle radiographic findings need to be appreciated so that prophylactic fixation can be performed before a painful completed fracture occurs with its attendant greater morbidity.
